Introduction
Formerly, the spicules of most nematodes were considered to open the female gonopore for copulation, however, electron microscopic studies on the spicules of Heterodera spp. (Clark et al., 1973) , Nippostrongylus brasiliensis (see Travassos, 1914; Croll & Wright, 1976) , Pratylenchus penetrans (see Cobb, 1917; Hogger & Bird, 1974) Panagrellus redivivus (see Linnaeus, 1767; Duggal, 1978) and Oesophagostomum columbianum (see Curtice, 1890; Duggal & Kaur, 2006) have shown that spicules form an en-….
closed tubular structure through which sperm passes into the female. One or more pores have been found at the tip of each spicule in Heterakis gallinarum (see Schrank, 1788; Lee, 1973) , Pratylenchus penetrans (see Cobb, 1917; Wen & Chen, 1976) , Aphelenchoides blastophthorus (see Franklin 1952; Clark & Shepherd, 1977) , Panagrellus redivivus (see Linnaeus, 1767; Duggal, 1978) , Calodium hepaticum (= Capillaria hepatica) (see Bancroft, 1893) , Trichuris muris (see Schrank, 1788; Wright, 1978) , and Ascaridia galli (see Schrank, 1788; Duggal & Kaur, 2000) . The presence of nerve endings beneath these pores suggested a chemosensory function. The caudal papillae are reported to have a central nerve process opening to the exterior, suggesting a chemosensory function in addition to their possible mecha-nosensory function (McLaren, 1976; Dick & Wright, 1974; Wagner & Seitz, 1982) . Wright (1978) found no sensory papillae in the cloacal region of Trichuris muris but found that protrusion of the spicule and cirrus took place on mechanical stimulation in the distal cloacal region. Here, the posterior region of male and the vaginal region of female Trichuris globulosa were examined by light microscope and scanning electron microscopy. Their functional importance during copulation is discussed.
Material and Methods
Males and females of Trichuris globulosa, (see Linstow, 1901 ) Ransom, 1911 from the intestines of sheep and goats were fixed at 4 °C in 4 % glutaraldehyde in cacodylate buffer at pH 7.2 for 4 hrs (Keilley et al., 1973) . They were post-fixed in 1 % osmium tetra oxide for 3 -4 hrs at 4 °C in cacodylate buffer, rinsed in buffer for 5 -10 times, and incubated in fresh 1 % aqueous, saturated filtered thiocarbohydrazide (TCH) for 10 min at 25 °C. After thorough washing in distilled water, specimens were dehydrated HELMINTHOLOGIA, 44, 4: 151 -156, 2007 Studies on the male and female copulatory apparatus of Trichuris globulosa (Nematoda, Trichuridae)
through an acetone series to amyl acetate, dried in a critical-point drier and mounted on stubs for gold coating. They were examined in an EM 1200 Ex Jeol electron microscope. For histological studies, specimens were fixed in Bouin and Carnoy fixatives and embedded in paraffin wax.
Results

Male
The male copulatory apparatus in Trichuris globulosa consists of ventral body-wall muscles, a spicule, a spicule pouch and a cloacal tube. The copulatory muscles are absent; however, body-wall muscles are better developed, ventrally.
The spicule is single, pointed and on eversion, acquires a Jshape (Fig. 1) . SEM studies did not show any pore on the tip of the spicule. However, light microscopic studies showed that the cytoplasmic core extended up to the tip. The cloacal tube is formed by the union of the vas deferens with the intestine dorsally. It is a long tube and is further differentiated into proximal and distal regions. The cloacal tube is internally lined with cuticle, however, in Trichuris the cuticular lining is detached from the underlying epithelium to form an internal cuticular tube through most of its length (Figs. 12, 13) except in the anterior part of the proximal cloacal tube where it is firmly attached to the underlying epithelium. The spicule pouch is single and it joins the cloacal tube on its ventral surface in the middle of the cloacal tube, dividing the cloacal tube into proximal and distal parts. The detached tubular cuticular lining of the distal cloacal tube joins posteriorly with the body-wall cuticle and is armed with anteriorly-directed spines through most of its length, except near its junction with the spicule. The spicule penetrates and attaches to the internal detached tubular cuticular lining of the cloacal tube at the site where the spicule pouch joins the cloacal tube; proximally, it is attached to the spicule pouch. The retractor muscle is single but very long, extending to the proximal end of the vas deferens. The contraction of the protractor muscle sheath around the spicule pouch leads to protrusion of the spicule and the eversion of the internal detached tubular cuticle of the distal cloacal tube as a cirrus. In the fully everted cirrus, its proximal part, which measures 320 -380 µm when contracted and 560 -720 µm when extended, remains narrow and cylindrical whereas its distal part forms a globular expansion 490 -520 µm in diameter with a 110 -160 µm long collar at its distal end (Figs. 1, 3) . From the centre of the collar arises a J-shaped spicule 1024 -2032 µm long (Fig. 1) . The proximal cylindrical part and globular distal parts are armed with backwardly-directed spines (Figs. 1, 6, 7, 8) , the distal end and collar are unarmed (Fig.3) . On the globular part, the spines are thin and small (Fig. 6) , whereas on the proximal part they are thick, long and are arranged in circles (Fig. 7) . In the collar, the spicule is attached on one side only, leaving a crescent-shaped opening for the sperm to emerge (Figs. 3, 4 , 5). The globular expansion also encloses the posterior part of the tubular lining of the proximal cloacal tube, which by light microscopy is seen as a sac containing sperm ready for ejaculation (visble only in live specimens). Histologically, the cloacal tube in Trichuris globulosa varies in structure. Proximally, it consists of tufted columnar epithelial cells, an inner circular muscle layer 32 -34 µm thick and a longitudinal muscle layer 2 -4 µm thick.
In the anterior part of the proximal cloacal tube the cuticle is double layered and is firmly attached to the underlying epithelial cells whereas in the posterior part of the proximal cloacal tube the cuticle is also double layered but is loose from the underlying epithelial cells and forms a free tube in its lumen (Fig. 13) . The distal cloacal tube consists of a thick epithelial layer with only a longitudinal muscle fibre sheath 46 -52 µm thick (Fig. 12) . The epithelial layer itself is dense, contains numerous radial strands and is internally covered with a thin layer of cuticle. In addition to this cuticle, the lumen of the distal cloacal tube also encloses another detached spiny cuticular tube which is in continuation with similar tube in the proximal part, posteriorly it joins the body wall cuticle. The spicule pouch is surrounded by a protractor muscle sheath is 58 -90 µm thick with similar histological characteristics as those of the distal cloacal tube, except that the lumen does not enclose an internal detached cuticular tube (Fig. 11) . Caudal papillae are completely absent in Trichuris globulosa. 
Female
Vagina is differentiated into a convoluted proximal vagina uterina 600 -700 µm long and a distal vagina vera. Histologically, the wall of the vagina uterina consists of epithelial cells, club-shaped with narrow neck and bulbous tip measuring 19 -19.6 x 7 -8 µm (Fig. 17) and a circular muscle layer 38 -48 µm thick. The vagina vera is differentiated into a distal spiny eversible part 720 -800 µm long, and a proximal non-spiny non-eversible part 800 -880 µm long. The internal cuticle of the non-spiny non-eversible part of the vagina vera is very thick with a brim-like structure at its distal end and a very narrow lumen. The epithelium of the spiny part is thick and syncytial (Fig. 19) , enclosing oval nuclei. That of the non-spiny part is cellular, with club-shaped cells and is lined with cuticle, 40 -48 µm thick (Fig. 18) . The internal cuticle of the eversible part of the vagina vera is armed with many anteriorlydirected spines 5 -8 µm long spines (Figs. 15, 16, 19) . The wall has a circular muscle layer 520 -550 µm thick and oblique muscles are present externally to this.
Discussion
Trichuris globulosa has a single spicule pointed at the tip which emerges with the everting cirrus. Wright (1978) also observed similar type of spicule and cirrus in Calodium hepatica and Trichuris muris. The present study indicate that the spicule acquires a J-shape when fully everted and such a shape may be helpful in keeping the cuticular brim of the non-spiny non-eversible part of the vagina about so …….. that the sperm can be easily transferred to the proximal part of the vagina. In Heterodra spp. (Hogger & Bird, 1974) , Ascaridia galli (Duggal & Kaur, 2000) and Oesophagostomum columbianum (Duggal & Kaur, 2006) two equal spicules each with a pair of hard sclerotized alae on protrusion form a complete tubular structure through which sperm pass during copulation. In this nematode, the cloacal tube is long and is further differentiated into proximal and distal regions by the joining of the spicule pouch to it. The cloacal tube is internally provided with a detached cuticular tube which joins posteriorly with the body wall cuticle at cloacal opening and is internally provided with anteriorly directed spines through most of its length. Similar observations have also been made by Wright, 1978 in C. hepatica and T. muris. The present study indicate that the spicule enter into and fuses with the internal detached cuticular tube at the site where spicule pouch joins the cloacal tube, the contraction of the protractor muscle sheath present around the spicule pouch of Trichuris globulosa leads to the eversion of the internal detached cuticular tube at the site where spicule pouch joins the cloacal tube, the contraction of the protractor muscle sheath present around the spicule pouch of Trichuris globulosa leads to the eversion of the internal detached spiny cuticular tube of the distal part of cirrus along with the protrusion of the spicule. As the internal detached cuticular tube of the entire cloacal tube is a continuous one, the eversion of its distal spiny part as cirrus leads to the pulling of its proximal part and in the fully everted cirrus, the proximal detached cuticular tube extends up to the base of the protruding spicule in the globular part of the everted cirrus. Since the spicule is fused with the internal detached cuticular tube on its one side only, the spicule leaves around itself a crescent-shape opening through which the sperm come out at the time of ejaculation and in the fully everted cirrus this crescentshaped opening is located at the base of the protruding spicule on the globular part of the everted cirrus.
In many nematodes (Chitwood & Chitwood, 1950; Lee & Atkinson, 1976 ) the ventral coiling of the male tail is brought about by the contraction of the V-shaped copulatory muscles present on the ventro-lateral sides of the posterior part of the male body. The posterior part of the Trichuris globulosa male is also ventrally super-coiled although V-shaped copulatory muscles are absent. The present histological studies of the Trichuris globulosa indicate that in this species the body wall muscles are better developed on the ventral side of the posterior part of the male body and perhaps contraction of these body wall muscles bring about the ventral coiling, furthermore, the heavy musculature of extra long cloacal tube may also be helpful in coiling.
